Introduction
The arrival of so-called "modern humans" in western Eurasia more than 40,000 years ago is a major event in the history of the Pleistocene colonizations of the continent. After a long-separated evolution that may have lasted more than 400,000 years (Hublin, 2009) , the descendants of a western Eurasian clade, represented in Europe by the Neandertals, was again in contact with the descendants of its African sister group, ancestral to all extant humans.
The definition of what should be called "modern humans" and the age of the oldest representatives of this clade have been much debated. However, there is little discussion regarding the anatomical distinction between local Neandertals and the late members of our species at the limit between the Middle and Upper Palaeolithic (MP and UP), which witnessed the replacement of one group by the other.
For this key period, the archaeological and palaeontological records of Europe are by any standard much richer and better studied than those of any other region of the Old World. Nevertheless, many questions surround the precise process of this population change. The notion that modern humans could have directly emerged from local European archaic forms is no longer supported by the vast majority of scholars. Still, the fossil evidence has raised the question of possible interbreeding between the two groups (eg. Trinkaus et al., 2003; Rougier et al., 2007) and this issue has been readdressed by recent advances in palaeogenetics (Green et al., 2010; Prüfer et al., 2014) . The amount of gene flow from Neandertals into western Eurasian extant populations is today only detectable at a low level (<2%), but it might have been higher in some regions at the beginning of the Upper Palaeolithic and later reduced by selection and/or population replacements. Similar questions have arisen in the field of prehistory regarding possible cultural interactions between local populations, who were the makers of MP assemblages, and immigrants, bringing new behaviours and techniques into the region. Some support the view that cultural changes observed among the last European Neandertals are endogenous (d'Errico, 2003) and represent an independent transition toward "cultural modernity", experienced by the Neandertals. Others relate at least a portion of these changes to the effect on local populations of the settlements of modern immigrants in a more or less distant geographical range (Hublin et al., 1996; Hublin, 2012; Roussel, 2013; Soressi and Roussel, 2014) . Central to all of these debates is the question of the possible chronological overlap between the two groups of populations on a continental scale, the duration of this overlap and the nature of their interactions. In the complex transition that took place in Europe between 50 and 35 ka cal BP, 1 it is essential to precisely recognize the occurrences of the earliest modern humans and latest Neandertals. Establishing a chronology for these occurrences has long been primarily dependent on the analysis of stratigraphic relationships between archaeological assemblages, which may or may not yield human remains. Although stratigraphy remains an essential way to reconstruct palaeolithic chronologies, it also presents major limitations. On a large geographical scale, geological or geophysical markers are reliably used as isochrones, but cultural markers can only be used to establish coarse-grain chronologies. On a fine chronological scale, cultural horizons are generally time transgressive. Therefore, and specifically when dealing with issues such as possible chronological overlap between various technocomplexes, it is essential to rely on accurately established calendar dates.
Unfortunately, for a long time the dating tools needed to establish such a fine chronology have been missing. The main available technique dradiocarbon datingd was notoriously imprecise at the limits of its range of applicability. Although a large number of dates have been produced for various late Middle Palaeolithic or early Upper Palaeolithic layers, minor contaminations by modern carbon could produce incoherent results . In many cases, radiocarbon dating has been revealed to be misleading, to a large extent due to contamination issues and the lack of a precise calibration curve.
However, in the course of the past two decades, spectacular progress in the implementation of the radiocarbon method has greatly improved our ability to resolve chronological issues. The use of AMS dating has resulted in the reduction in the size of required samples and in the possibility to directly date precious specimens, such as artefacts and fossil hominins. Pre-treatment methods have also improved the reliability of the results by reducing and ideally eliminating contamination. In the case of charcoal samples, ABOx treatment has been proposed to replace older ABA treatments . In the case of the dating of bones, the ultrafiltration has been improved (Brown et al., 1988; Brock et al., 2007; Talamo and Richards, 2011) to selectively extract collagen. The dating of shells has also been significantly improved (Russo et al., 2010) . All of this progress has resulted in new attempts at dating sites in a time window that long remained unreachable for radiometric dating. The establishment of a calibration curve extending back in time to 50 ka BP has finally allowed the elaboration of a reliable calendar chronology back until the late Middle Palaeolithic (Reimer et al., 2013) .
One should also mention significant advancements obtained with luminescence methods (TL, OSL) . Although these methods are not always applicable in the context of archaeological cave sites and do produce dates that are generally impeded by larger uncertainties than the radiometric dates, they nevertheless provide an additional source of information in the reconstruction of the chronology and remain the primary resource for sites lying beyond the limits of the radiocarbon method. The OSL method is increasingly being used to establish chronologies of sediment deposits present at almost all archaeological sites e as opposed to organic material providing radiocarbon dates or speleothems allowing the use of U-series methods. It should, however, be established whether those sediments were exposed to sufficient sunlight prior to burial/deposition at the site. The development of the single grain dating technique (Jacobs and Roberts, 2007; Thomsen et al., 2007; Duller, 2008) has allowed for a better understanding of the different sources of variability in the doses recorded (bleaching effects, heterogeneities in beta dose rate).
The goal of this paper is to briefly review the current evidence regarding the direct or indirect dating of human remains discovered in archaeological or geological layers assigned to the time period of the replacement. It will also discuss the chronology of assemblages that have not yielded humans remains but that have been tentatively assigned to the first modern humans in Europe, based on cultural arguments. The various controversies surrounding these issues will also be briefly outlined.
In the concerned time period, three groups of assemblages have been assigned to the earliest modern peopling of Eurasia. They cover different windows of time between 50 and 35 ka cal BP and their direct association with anatomically modern human remains is variably substantiated. "Initial Upper Palaeolithic" (IUP), "transitional assemblages" (TA) and Aurignacian assemblages will be considered separately hereunder.
Initial Upper Palaeolithic
The first known occurrence of modern humans out of Africa and into the Levant is well documented by fossil remains at Qafzeh and Skhul (Israel) between 119 ± 18 ka and 81 ± 13 ka BP (Shea, 2008) . However, a long discussed question relates to the fact that the MP assemblages associated with these early modern humans (Tabun type C) display limited differences with those associated with later Neandertals in the same area (Tabun type D) (Bar-Yosef, 1998) . The Levantine MP assemblages are quite distinctive from those produced in Africa in the same time period, a puzzling observation considering the widely accepted African origin for modern humans. The picture is, however, different further south in the Arabian Peninsula, where an early penetration and possibly a persistence of MP modern populations, already in the first half of the MIS 5, has also been claimed. There, no human remains have been found but African-looking MP assemblages e including some that are reminiscent of the Nubian assemblages of Egypt, Sudan and the Horn of Africa e have been described (Armitage et al., 2011; Rose et al., 2011) .
Whatever the exact distribution and posterity of these MIS 5 modern peoplings in southwest Asia were, there is to date no compelling evidence that they expanded much further north than the Mount Carmel region in Israel. The colonization of the middle latitudes of Eurasia is thus generally related to a later migratory movement between 60 and 50 ka BP and the archaeological landmarks of this exodus have naturally been sought out in southwest Asia. The Emirian industry was often regarded as being intermediate between the MP and UP, and could be considered to be a proxy marking the start of this later wave of migrations. From a typological point of view, Emirian assemblages are characterized by the "Emireh points" described in various sites of the Levant including: Boker Tachtit, Ksar Akil, Umm el Tlel, Emireh Cave, Wadi Antelias and Wadi Aghar. Technologically, all of these assemblages also share specific methods and techniques for the production of elongated blanks that have sometimes been described as retaining reminiscences from the MP Levallois technology or at least typologically looking like elongated Levallois points. Boker Tachtit, in the Negev desert, stands as the site where the transition toward the UP has been best investigated via the analysis of 4 successive layers (Marks, 1983) . At Boker Tachtit, elongated blanks were initially produced by bi-polar debitage and display facetted platforms. In the overlying layers, the d ebitage evolves toward a more UP-style unipolar production, which allowed Marks (1983) to propose a first definition of the IUP. UP tools such as endscrapers and burins are found in all layers. The dating of Boker Tachtit obviously needs to be re-investigated, but the lowermost layer of the site (Layer 1) has yielded two radiocarbon dates c. 47 14 C ka BP with a very large sigma (SMU-259: 46,930 ± 2420 BP and SMU-580: 47,280 ± 9050 BP) (Marks, 1983) . These age ranges open the possibility that the Emirian dates to beyond 50 ka in calibrated chronology.
Further north, another important site is Üça gızlı 1 Cave, where similar industries have been discovered (Kuhn et al., 2009) . It is primarily from the description of the material of this site that S. Kuhn (Kuhn, 2003) attempted to provide a broader definition of the IUP. Although originally the two terms are not exclusive, the designation IUP of this kind of assemblages was then generally preferred to that of "transitional", because it did not imply a genetic relationship with the local Middle Palaeolithic, and because IUP industries, although they retain some MP-like features, show virtually all characteristics considered typical of the Upper Palaeolithic sensu lato. In particular, at Üça gızlı, the IUP layers have yielded shell beads and bone artefacts (Kuhn et al., 2009 ) that are reminiscent of the fully developed Upper Palaeolithic of western Eurasia. The IUP layers (I,H,G,F,E) of Üça gızlı have provided radiocarbon ages noticeably younger than the dates of Boker Tachtit, ranging between 41,400 ± 1100 14 C BP and 34 ka ± 690 14 C BP, which would correspond to a range between c. 45 and 39 ka cal BP (Kuhn et al., 2009 ). It should be noted, however, that these dates show little consistency with their stratigraphic distribution and might well represent only minimum ages. Using Bayesian modelling, Douka et al. (2013) proposed an inception for of the IUP at Üça gızlı between 44.3 and 43.5 ka cal BP (68.2% probability). At Ksar Akil, relatively young ages have also been obtained from radiocarbon dating of shells. There, the end of the Mousterian has been modelled at 43.2e42.4 ka cal BP (68.2% probability) and is followed by the IUP (Douka et al., 2013) .
There is a growing trend to group assemblages sharing specific techno-typological attributes under the denomination "IUP" rather than to simply lump together all of those belonging to a time period predating the European UP (Kuhn and Zwyns, 2014) . Beyond the Levant area, this definition of the IUP seems to be applicable to a series of industries covering a wide geographical domain ( Fig. 1 ). Tsanova and Bordes (2003) , Tsanova (2008) and Teyssandier (2008) have identified similar techniques for blank production in sites from eastern Europe, among which one should mention Temnata and Bacho Kiro (Layer 11) in Bulgaria, as well as the sites yielding Bohunician in Moravia ( Skrdla, 2003) . In all of these sites, one finds a combination of techniques aiming at the production of elongated products using the narrow side of large cores by bipolar or unipolar debitage. Here again the products look like elongated Levallois points. The similarities in knapping techniques between the Bohunician and the Levantine Emirian assemblages has also been pointed out by Bar-Yosef (2003 , Tostevin (2003) , Skrdla (2003) and Hoffecker (2009) , who highlight the lack of continuity between the local Middle Palaeolithic traditions from central Europe and these IUP assemblages. Much further east, the Kara-Bom (Siberia) assemblages (layers 5 and 6) have also been identified as a north Asian variant of IUP in the Altai region where Zwyns et al. (2012) described the burin-core technology as one of its specific technological markers (Fig. 2) . These assemblages already yield ornamental items (perforated teeth) at around 43 ka 14 C BP .
It has been proposed (Müller et al., 2011) that the IUP documented in southwest Asia, eastern and central Europe, and further east in central Asia, represents a first expansion of modern humans into Eurasia that may have been partly unsuccessful and that in any case did not make it to western Europe. This first colonization of the middle latitudes by modern humans would have taken place during the mild conditions of the GIS 14e13. TL dates in Bohunice (Richter et al., 2009 ) providing a weighted age of 48.2 ± 1.9 ka BP suggests that the Bohunician was produced before GIS 12. A similar situation is observed in northern Asia where the IUP is documented at 47 ka cal BP and would have therefore appeared in the Altai during GIS 12 . According to the model proposed by Müller et al. (2011) , this earliest modern peopling of Eurasia could have been facilitated by a major demographic depletion of the Neandertal populations in eastern Europe, resulting from the Heinrich event H5 a major climatic deterioration c. 49e48 ka ago, comparable in its intensity to the glacial maximum of the MIS 4.
In terms of human remains, the IUP is to date quite poor. One human maxilla has been discovered in the Layer XXV at Ksar Akil (Ksar Akil 2, nicknamed "Ethelruda"). The specimen lacks all dental crowns and was initially assigned by Ewing (1963) to a "Neanderthaloid". This identification is however questionable and Metni (1999) underlined that all of the published measurements of this specimen are within the range of variation of modern humans. It has therefore been proposed (Copeland and Yazbeck, 2002; Yazbeck, 2004 ) that this specimen could represent an anatomically modern human. A series of teeth of modern morphology has also been discovered in the IUP layers of Üça gızlı Cave (Kuhn et al., 2009) . The layer of Ethelruda has been modelled between 42.4 e 41.7 ka cal BP (68.2% probability), in the context of a rather recent set of dates for the IUP of Ksar Akil (Douka et al., 2013) . Layer 11 from Bacho Kiro has yielded a fragment of the left side of the mandibular corpus, bearing a first deciduous molar (Gle n and Kaczanowski, 1982) . The top of layer 11 provided a conventional radiocarbon date >43 ka 14 C BP (Mook, 1982) but also more recent AMS dates of ca 39e38 ka 14 C BP (43.2e42.4 ka cal BP) (Hedges et al., 1994) . The analysis of the lithics from this level does not suggest any admixture (Tsanova and Bordes, 2003) , one can rather suspect an unsuccessful pretreatment of the 14 C samples. Unfortunately, the hominin specimen has since been lost. Finally, one should mention the newly discovered femur of Ust-Ischim (Omsk, Russian Federation) directly dated at 45 ka cal BP (Gibbons, 2014) . This specimen displays a fully modern morphology and has yielded a high-resolution genetic sequence, indisputably relating it to an early wave of modern migration into central Asia. Although it has been found out of any archaeological context, its age closely coincides with that of the IUP development in central and northern Asia.
"Transitional assemblages"
In Europe, the "transitional assemblages" represent a group of industries chronologically overlapping with the IUP and the beginning of the Aurignacian complex. Although IUP assemblages were initially incorporated into the TA, there is a growing tendency to separate the two. Similarly, on techno-typological grounds, it is difficult to connect most of the TA assemblages to those belonging to the Early Ahmarian-Protoaurignacian group. The very term 'TA' originally expressed the notion that these industries display some Middle Palaeolithic reminiscence with a variable proportion of UP technical features. However, although the IUP of eastern Europe does not seem to be rooted in the local MP assemblages and is likely intrusive in this region, it is generally assumed that the TA resulted from a local evolution of the late MP groups. This continuity is variably supported by techno-typological and/or geographical arguments. It also seems consistent with the direct association of Neandertal human remains with one of the transitional assemblages, the Châtelperronian. According to this understanding, the TA group encompasses the Szeletian, the Lincombian-Ranisian-Jerzmanowician (LRJ), the Châtelperronian and the Uluzzian. Geographically, this group is primarily represented in western Europe, with the Châtelperronian, the LRJ and the Uluzzian, but it also extends into central Europe with the Szeletian and the LRJ and marginally into the Balkans and Greece with the Uluzzian.
Szeletian
The Szeletian is primarily represented in the Czech Republic and Hungary ( Fig. 1 ) and might represent the oldest TA industry. It is characterized by the occurrence of foliate points that seem to have been inherited from the late MP tradition of the Blattspitzen of central Europe and displays chaîne op eratoire also reminiscent of the local MP. Based on luminescence dates and various stratigraphic arguments, the Szeletian is mostly assigned to the GIS 12, roughly between 48 and 44 ka cal BP and would therefore be contemporaneous with IUP industries such as the Bachokirian and the Bohunician of eastern Europe (Allsworth-Jones, 1990; Nigst, 2012) .
There are very few human remains that can be associated with the Szeletian and they are all questionable. At the upper Remete cave near M aria Remete (Hungary), three worn teeth (Right inferior I1, I2 and C1), probably from the same individual, have been assigned to the so-called "Trans-Danubian Szeletian" or Jankovichian (G abori-Cs ank, 1983) . The identification of the Jankovichian industry is quite debated (Svoboda and Siman, 1989) and it has been argued that the Remete cave likely represents a late Micoquian with some foliate elements (G abori-Cs ank, 1983; Allsworth-Jones, 1990 ). On the basis of metric arguments, these teeth have been assigned to a Neandertal (Kretzoi in Gabori Csank, 1983) . Another possible Szeletian hominin is represented by a lower right M2 (although a lower M1 cannot be discounted) found in Slovakia at Dzerav a Skala (Kaminsk a et al., 2004) . The specimen comes from a layer predating 34 ka 14 C BP (c. 39 ka cal BP). As this layer has yielded some foliate elements, it has sometimes been identified as Szeletian (Churchill and Smith, 2000) . The specimen was initially described by Hillebrand (1914) as Neandertal. However, both the Szeletian association and the Neandertal nature of the tooth are questionable. The stratigraphy of the site has been profoundly disturbed by cryoturbation and mechanical processes (Kaminsk a et al., 2004) and the layer also yielded material assigned to the Early Aurignacian. Furthermore, the morphology of the tooth is quite modern. It displays a simple four-cusp pattern and lacks a mid-trigonid crest.
Lincombian-Ranisian-Jerzmanowician
The term "Lincombian-Ranisian-Jerzmanowician" (LRJ) was proposed by Desbrosse and Koslowski (1988) in a slightly different formulation than that of Kozlowski (1983) . It encompasses industries initially assigned to the Lincombian from the southern UK and Belgium, to the Ranisian or Altmühlian from Germany and to the Jerzmanowician of Poland, primarily described from the material from the Nietoperzowa cave (see review in Flas, 2006 Flas, , 2011 . The LRJ is therefore distributed on a very broad geographical range, extending west to east over approximately 1500 km, but covering a rather narrow latitudinal band between 50 and 55 north (Fig. 3) .
The chronological extension of the LRJ is difficult to establish precisely, mostly due to the perturbation of layers in many sites and to poor excavation methods in sites excavated in the past. It seems to have lasted for a relatively short period. The oldest occurrence of the LRJ is dated c. 38 ka 14 C BP (43 ka cal BP) at Nietoperzowa cave (layer 6): GrN-2181: 38,160 ± 1250 BP on charcoal and Gd-10569: 37,600 ± 1300 BP on bone (Kozlowski, 2002) and between 44.3 and 42.5 ka cal BP at Glaston, UK (Cooper et al., 2012) . In his critical examination of the available dates, Flas (2011) concludes that the LRJ ended c. 35 ka 14 C BP (c. 40 ka cal BP).
The lithic assemblage consistently yields foliate points displaying a partial bifacial retouch (Jermanowice points) and also bifacial leaf points ( Fig. 4 ). It is a blade industry implementing the debitage of the blanks from two striking platforms and displays some UP elements. Most authors have connected the production of bifacial points in the LRJ with the local tradition of Blattspitzen in the late MP of Central Europe as well as possibly with the bifacial tradition of the late Mousterian of western Europe, characterized by small handaxes (Ruebens, 2013) . The LRJ assemblages have also been sometimes grouped with the Szeletian of central Europe, but the two assemblages seem to belong to two different windows of time.
From a palaeontological point of view there is no indisputable association of human remains with LRJ assemblages and the current evidence is rather contradictory. A large series of Neandertal remains from the cave of Spy, Belgium, has been directly dated to c. 36 ka 14 C BP (c. 41 ka cal BP) (Semal et al., 2009) (Fig. 5 ). This age clearly fits the chronological span of the LRJ represented in the stratigraphy of the cave. Until these dates were obtained, the two Neandertal skeletons from Spy cave, unearthed in 1885e1886, have been traditionally associated with the uppermost Mousterian layers of the site (e.g. Zeuner, 1940). However, the poorly recorded circumstances of the discovery of these remains make it difficult to precisely assign them to a specific archaeological horizon of the site, which yielded Mousterian, LRJ and Aurignacian assemblages. These individuals could very well have been buried by the LRJ makers in the underlying Mousterian layers. The fact is that none of the Mousterian assemblages of this region match the dates directly obtained on the Spy Neandertal remains (Semal et al., 2009 ). The latest known Belgian Mousterian assemblages from Scladina Cave and Wallou pre-date the Neandertals from Spy (Pirson et al., 2012) .
On the other side of the channel, the site of Kent's Cavern (UK) has yielded conflicting evidence. There, a fragmentary maxilla (Kc4) is tentatively assigned to a Lincombian layer underlying a speleothem, which is itself overlaid by an Aurignacian layer. This fragmentary specimen has been directly dated at 30,900 ± 900 14 C BP (36.4e34.7 ka cal BP) (Hedges et al., 1989) and has been recently identified as most likely modern (Higham et al., 2011b) . Recently, the dating of faunal elements from the sector from which the specimen comes has led to the proposal that the direct date obtained on the specimen is underestimated and Kc4 has been reassigned to a period between 44.2 and 41.5 ka cal BP (Higham et al., 2011b) . This dating has, however, been much debated. White and Pettitt (2012) , in particular, have questioned the integrity of the stratigraphic section in this part of Kent's Cavern as well as the condition of excavation and the recording of the material at the time of its discovery in 1927. On-going work to date additional samples from the sequence has also shown the situation to be more complex than previously understood (Proctor et al., 2013) . Taking into account the Spy evidence and until a new direct dating of the Kc4 specimen is performed, the claim for the modern nature of the LRJ makers in the British Islands at 44 ka cal BP relies on rather weak evidence.
The Châtelperronian
The Châtelperronian has often been presented as being the most iconic of the transitional assemblages, although it generally displays little evidence of MP components in its lithic production. It is known from the Pyrenees region and the Spanish Basque country to southwest and central France (Fig. 3 ). To date, it has not been identified east of the Rhône valley and its northernmost extension has been recently recognized at the site of Ormesson in the Paris basin (Bodu et al., 2014) . In a recent review, Soressi and Roussel (2014) have identified a little over 40 Châtelperronian sites, but many of them represent rather ephemeral occupations and few have yielded multiple Châtelperronian layers. Among them, the Grotte du Renne at Arcy-sur-Cure stands out due to its very rich archaeological material represented by several hundred thousand faunal elements and artefacts.
The Châtelperronian assemblage is characterized by a high frequency of Châtelperron points or knives. These artefacts are backed blades, produced with a specific chaîne op eratoire on cores at the intersection of a narrow and wide surface (Pelegrin, 1995; Roussel, 2013) . The assemblage displays Upper Palaeolithic tools, in particular endscrapers. It should be noted that bladelet production has been identified, in particular in the site of Quinçay (Roussel, 2011) . Although the bladelet production is independent from blade production, it is done with a similar method, which contrasts with the Protoaurignacian bladelet production. In addition, the UP flavour of the Châtelperronian has been reinforced by the discovery of body ornaments and bone tools at the Grotte du Renne. The occurrence of ivory and bone waste in the Châtelperronian layers strongly suggests that these objects have been locally produced (d 'Errico et al., 1998) . Six pierced teeth have also been identified at the site of Quinçay (Granger and L evêque, 1997) .
The rooting of the Châtelperronian in the local Mousterian of Acheulean Tradition and therefore its "transitional" nature is primarily based on the following arguments listed by Soressi and Roussel (2014) : a) both industries share the same interest for backing tools and for un-retouched backed blanks, b) they display a rather high frequency of elongated backed artefacts, c) In both industries the production of blanks is guided by the need to obtain backed artefacts (retouched and un-retouched), and d) the geographic distribution of both assemblages coincides (but see Ruebens, 2013) . Although it has sometimes been claimed that the Châtelperronian displays a certain MP style component (Connet, 2002) , this issue is today much disputed (Soressi and Roussel, 2014) . There is however the possibility that when the MP component of an assemblage is high, it would be systematically considered "admixed" or re-assigned to a Mousterian techno-complex. In Saint-C esaire side-scrapers represent about half of the retouched tools from the Châtelperronian Ejop SUP layer. This component is associated with a typical Châtelperronian blank production. The occurrence of Mousterian-like d ebitage and tools in a Châtelperronian layer might either result from MP persistence into the CP or from a post-depositional admixture of Mousterian objects into a CP assemblage. However, according to Soressi (2011) , the surface states of the artefacts do not separate these two components.
Many of the radiocarbon dates that have been obtained from Châtelperronian layers since the 1960's were implemented without pre-treatment to resolve contamination issues and should likely be simply discarded. AMS 14 C dates based on ultrafiltered samples have however been produced in the past few years, notably at the sites of Les Cott es (Talamo et al., 2012) , Grotte du Renne (Hublin et al., 2012a) and Saint-C esaire. According to these recent results, the Châtelperronian can be assigned to a window of time between 39 and 35 ka in 14 C chronology (c. 44e40 ka cal BP).
The Neandertal remains from the Grotte du Renne have been mostly discovered in the lowermost Châtelperronian layer of the site (layer X) (Leroi-Gourhan, 1958) , but a smaller number of human fossils have also been discovered in the Châtelperronian layers IX and VIII. This distribution matches the richness of the different layers, layer X having by far yielded the largest amount of archaeological material. Among other material, 29 isolated teeth have been discovered (Hublin et al., 2006; Bailey and Hublin, 2006b ). The series also encompasses various fragmentary post-cranial skeletal remains and an infant temporal bone (Hublin et al., 1996) . There is little doubt on the Neandertal nature of these remains. The anatomical analysis of the inner ear of the temporal bone was the starting point of the description for the Neandertal morphology of the labyrinth and its interpretation as Neandertal was fully confirmed by later works (Spoor et al., 2003) . The nonmetrical and metrical features of the dentition have been assessed in several articles Hublin, 2006a, 2006b; Bailey et al., 2009 ) and confirm an indisputably Neandertal nature.
The association of Neandertal remains with the Châtelperronian assemblage, including body ornaments, has been challenged by two groups of authors. Bar-Yosef and Bordes (2010) have argued that the occurrence of Neandertal remains in the lowermost layers of the Châtelperronian deposits at the Grotte du Renne could have resulted from site-formation processes, reworking underlying layers. However, the migration of Neandertal remains from the underlying Mousterian layers into the Châtelperronian layers meets two objections. The uppermost layers of Mousterian at the Grotte du Renne have actually yielded very few human remains in comparison to what has been discovered in the Châtelperronian layers. Furthermore, Neandertal remains are not only found in the lowermost layer of the Châtelperronian. Two teeth of Neandertal morphology have also been found in the uppermost Châtelperronian layer (Layer VIII), in an undisturbed area of the site.
Layer admixture has also been proposed by Higham et al. (2010) on the basis of inconsistencies between stratigraphy and 14 C dates at the site to explain the association of body ornaments and Neandertal remains at the Grotte du Renne. This view has however been criticized on various grounds. When assessing the vertical and horizontal distribution of the lithic material at the Grotte du Renne, Caron et al. (2011) could not find any evidence of major material movement between Mousterian, Châtelperronian and Protoaurignacian layers in the site. The areas where bone tools have been found in the Châtelperronian layers of the Grotte du Renne do not match the areas where Aurignacian bone tools are found in overlying deposits. Furthermore, at Quinçay, where body ornaments have also been described in Châtelperronian context, the Châtelperronian layers are directly covered by large blocks and there is no later UP assemblage present in the stratigraphy. Additionally, the dating of 40 samples of well-preserved bone from the Grotte du Renne (with or without entropic marks) by Hublin et al. (2012a) did not replicate the results obtained by Higham et al. (2010) . Although refits suggest some level of layer admixture between Châtelperronian sub-layers at the site, and/or a lack of reality of some of these stratigraphical divisions, no overlap was observed between the dates obtained in the Mousterian, the Châtelperronian and the Protoaurignacian layers. Low collagen yield may instead explain some of the apparently too recent dates obtained by Higham et al. (2010) in the Châtelperronian layers.
Neandertal remains have also been recognized in the Châtelperronian Ejop SUP layer of Saint-C esaire. In 1979 a fragmentary skeleton (Saint-C esaire 1) was discovered in the site by F. L evêque. This skeleton included the face and a large portion of the braincase, the mandible, and a good proportion of the post-cranial skeleton. L evêque and Vandermeersch (1980) identified the specimen as Neandertal and partial descriptions by Stringer et al. (1984) and Trinkaus et al. (1999) have fully confirmed this identification. Bailey et al. (2009) have also shown that the dentition of this specimen displays a clear Neandertal morphological pattern with a computed posterior probability of 98% for Saint-C esaire 1 dentition to be assigned to a Neandertal. At Saint-C esaire, the Châtelperronian nature of this Neandertal skeleton has also been questioned by Bar-Yosef and Bordes (2010) , who proposed that this individual could represent a secondary burial "planted" by contemporaneous Neandertals into the dwelling of modern humans. Primarily, these authors see no connection between the Châtelperronian and the earlier Mousterian of Acheulean Tradition and rather consider that some of the techno-typological traits of the Châtelperronian are reminiscent of the later Protoaurignacian in the region (but see Soressi and Roussel, 2014) . The Saint-C esaire Neandertal has been directly dated between 41,950 and 40,660 cal BP (68.2% probability) (Hublin et al., 2012a) , which corresponds to the upper range of the Châtelperronian dates obtained at the Grotte du Renne.
Uluzzian
The Uluzzian industry, named after the cave of Uluzzo (Italy) has been initially identified in southern Italy and more recently in Greece at the cave of Klissoura (Koumouzelis et al., 2001) , as well as in northern Italy at the site of Fumane (Peresani, 2008 (Peresani, , 2012 (Fig. 3) . To some extent, the Uluzzian replicates some of the features observed in the Châtelperronian and it has long been considered as an Italian counterpart of this industry (Palma di cesnola, 1989; Mussi, 2001) . The radiocarbon ages recently obtained also demonstrate a large chronological overlap between the two industries although the Uluzzian might have started slightly earlier (Hublin et al., 2012a; Douka et al., 2014) . However, it should be underlined that in the Uluzzian the production of blades remains limited. It is a flake-dominated industry that displays a stronger MP signal than in the Châtelperronian. Blanks were produced by unipolar d ebitage by direct percussion and by bipolar knapping on an anvil, producing splintered pieces. Other chaîne op eratoire for blank productions were also present, including centripetal cores. This is particularly the case at Fumane, where the oldest known Uluzzian layer has been initially assigned to the late Mousterian (Broglio et al., 1998e1999) . Like the Châtelperronian, the Uluzzian displays a prevalence of backed pieces in the form of crescents that can represent a large proportion of the assemblage. It has also yielded some bone tools and body ornaments made of shells (Riel-Salvatore, 2009).
Only two sites have yielded human remains assigned to this assemblage, Fumane and Grotta del Cavallo. At Fumane, a fragment of a permanent molar (Fumane 6) was found in layer A3-I. However, post-depositional disturbance due to frost action have affected the sequence between layers A4 and D3 in the part of the site where the tooth was found and produced the intrusion of some Protoaurignacian artefacts in the underlying layers. The assignment of this fragmented tooth to the Uluzzian therefore remains uncertain. Furthermore, it does not display any morphological features helpful for taxonomic identification, either as Neandertal or modern human .
At Grotta del Cavallo, two deciduous molars have been found (Palma di Cesnola, 1966) . Cavallo B is a left DM1 and Cavallo C is a right DM2. Cavallo B is said to come from the oldest Uluzzian layer of the site (layer EIII). Cavallo C was discovered in layer EII-I, 50-20 cm above. At Cavallo, the Uluzzian layers are said to be sealed by a speleothem (DIa) and a volcanic ash (Layer CII), assigned to the Campanian Ignimbrite eruption, isolating them from overlying Epigravettian layers. The teeth were initially classified as modern human for Cavallo B and Neandertal for Cavallo C (Palma di Cesnola and Messeri, 1967) . Later, they were assigned to Neandertals on metrical and morphological grounds, particularly in relation to some level of taurodontism (Churchill and Smith, 2000) . However, a recent re-examination of the two specimens by Benazzi et al. (2011) concluded a modern assignment primarily based on the analysis of the crown outlines and of the enamel thickness. This assignment as well as the integrity of the stratigraphy in the site has been questioned by Banks et al. (2013) , primarily reworking the arguments made by Gioia (1990) that layer D resulted from some admixture with later UP elements. These critiques have been addressed by Ronchitelli et al. (2014) .
It seems difficult to dismiss the modern nature of the two deciduous teeth from Cavallo. However, it remains that the exact conformation of the stratigraphy at the place of their discovery is unknown and the description by Palma di Cesnola leaves open the possibility of intrusion from overlying layers (Palma di Cesnola, 1965 Cesnola, , 1966 . Recently, Douka et al. (2014) have provided a series of 14 C dates at Cavallo cave based on shell samples. These dates are mostly consistent with a pre-Campanian Ignimbrite age older than 40 ka cal BP. However, the dating OxA-21072 duplicated on two different fragments of a shell of Cyclope neritea from layer DI was established at 19,685 ± 75 and 19,235 ± 75 14 C BP. In these samples the ratio of aragonite/calcite and the carbon yield are fully satisfactory and this date may give substance to the claim that intrusion of material from overlaying layers may have occurred at least in the upper parts of the Uluzzian levels. The modern nature of the Uluzzian makers will only be fully demonstrated with the discovery of new palaeontological evidence.
The Aurignacian complex and its origins
The Aurignacian complex has long been considered to be the oldest expression of a genuine UP and a proxy for the first spread of modern humans over western Eurasia (Mellars, 2006) . Among the earliest phases of this complex one can recognize a "Protoaurignacian" dAurignacien archaïque in Laplace terminology (Laplace, 1966) d and an "Early Aurignacian". In southwest France, these two industries are found in chronological succession. However, further east they seem to have developed in different geographical domains. The Protoaurignacian, characterized by the production of large bladelets (Bartolomei et al., 1993; Bon, 2002) has been primarily recognized in southern Europe, with only one possible exception, north of the Alps at Krems Hundssteig (Teyssandier, 2007) . In the Danubian region, where the Protoaurignacian is virtually unknown, early Aurignacian assemblages have been associated with 14 C dates as old as the first occurrence of the Protoaurignacian in the Mediterranean area (Haesaerts et al., 1996; Douka et al., 2012; Higham et al., 2012; Nigst and Haesaerts, 2012) (Fig. 3) . This situation makes it difficult to simply consider the two assemblages as successive stages of the same techno-complex (Banks et al., 2013) .
Protoaurignacian
The Protoaurignacian is characterized by the production of large straight bladelets, most likely representing the tips of long-distance projectiles (Le Brun-Ricalens et al., 2009), a distinctive innovation in comparison to older assemblages in western Eurasia. Similar industries have been identified in Bulgaria, at Kozarnika (Sirakov et al., 2007) and further east in the Zagros (Otte et al., 2007; Tsanova et al., 2012) where they could have developed from the Early Ahmarian (Otte et al., 2011) . Further east, the Protoaurignacian is still unknown and bladelet assemblages from central Asia and from the Altai seem to represent examples of a technological convergence with early phases of the Aurignacian (Zwyns and Flas, 2010) . Most authors agree that this innovation spread out of the Levant where the Early Ahmarian seems to represent the first expression of this large ensemble of industries. The Ahmarian is represented over a large domain from the Sinai to the southern border of Turkey. In Israel, it is noticeably encountered at Boker in the Negev, in the Mount Carmel at Kebara and in Galilee at Qafzeh. It is also present over the IUP layers of Ksar Akil (Lebanon), Umm el Tlel (Syria) and Üça gızlı (Turkey). The first occurrence of the Early Ahmarian was dated by Rebollo et al. (2011) in Kebara Cave and by using a Bayesian model, these authors proposed a start of the Ahmarian sequence between 47,690 and 46,360 cal BP (68.2% probability). As for the IUP, the dates based on shells obtained at Ksar Akil are noticeably younger with a lower limit for the Ahmarian between 41.6 and 40.9 ka cal BP (68.2% probability) according to the model 2 by Douka et al. (2013) . This is also the case at Üça gızlı, where the oldest date in Ahmarian context is 34,580 ± 620 14 C BP and using Bayesian modelling, Douka et al. (2013) propose a starting age for the Ahmarian of this site around 41.6e40.3 ka cal BP (68.2% probability). In Europe, the Kozarnikian of Kozarnika (layer VII) yielded radiocarbon dates ranging from 39,310 ± 100 BP (Gifa-99662) to 36,200 ± 510 BP (Gifa-99706) (Guadelli et al., 2005) , which would correspond to calibrated ages between 43.4 and 41.3 ka cal BP. Further west, the oldest occurrence of the Protoaurignacian has been identified at Riparo Mochi and Isturitz c. 42 ka cal BP (Szmidt et al., 2010; Douka et al., 2012) .
If one assumes that the Early Ahmarian/Kozarnikian/Protoaurignacian represent a consistent wave of peoplings in western Eurasia, the identity of the makers of this assemblage would be primarily substantiated by the discovery of an immature individual in layer XVII of Ksar Akil (Lebanon), where the skull, mandible and some postcranial elements of a child aged between 7 and 9 years was discovered in 1938 and nicknamed Egbert. Although the original specimens have been lost, the discovery is still documented by photographs and casts. There is little doubt that this child belongs to an anatomically modern population (Bergman and Stringer, 1989) . In Europe, human remains directly associated with assemblages of the Protoaurignacian group are to date very fragmentary. The skeletal fragments of a foetus or newborn were found in the Protoaurignacian layers from Le Piage (France), but their identification is inconclusive (Beckouche and Poplin, 1981) . Some dental material was also later discovered at the site but remains unpublished. In Italy, two sites have yielded additional dental remains. At Riparo Bombrini, layer III yielded a left deciduous incisor of small dimension and modern morphology (Formicola, 1989) . Further material from Fumane is currently under description.
In France, human remains have been assigned to the "Aurignacian" division of the stratigraphy at Isturitz Cave ("couche A" by Passemard, 1944; or "couche V" by Saint-P erier and Saint-P erier, 1952) . These human remains are reported from layers that yielded assemblages displaying Protoaurignacian and Early Aurignacian characteristics as well as from other Upper Palaeolithic layers in the site. However, their origin is rather imprecise. Almost all the human fragments of Isturitz display cutmarks, and it has been suggest by Gambier (1990) and Henry- Gambier et al. (2013) that they might all be derived from the Magdalenian level of the site, which is by far the richest in human remains.
Finally, one should also mention the discoveries from the site of El Castillo (Spain), where H. Obermaier unearthed some cranial fragments, a second right lower molar and a fragmentary child mandible, bearing a dm1 and dm2 and an unerupted M1 on the right side. These remains are assigned to layer 18 of the stratigraphy of the cave. Advocating for a local emergence of the Aurignacian, Cabrera-Vald es et al. (2001) described the lithic assemblages of the layers 18b and 18c as transitional to an "archaic Aurignacian". This interpretation results from the occurrence in these layers of Mousterian-like elements. However the additional presence of Châtelperronian elements in the same layers have led some (Zilhao and d'Errico, 1999) to question the homogeneity of the layer 18 assemblage. Its composite nature would be consistent with the broad spectrum of dates yielded by layer 18, which range from 42.2 to 37.1 ka 14 C BP (46.2e41.9 ka cal BP) and widely overlap well accepted dates for the late Mousterian, the Châtelperronian and the Protoaurignacian (Cabrera-Vald es et al., 1996) . Another issue results from the difficulty to connect the material recovered by Obermaeir with that more recently excavated and published (Pastoors and Tafelmaier, 2013) . Garralda et al. (1992) has made available an unpublished description by the human remains by H. Vallois and this description is not quite conclusive in terms of the taxonomical assignment of these fossils.
Early Aurignacian
The oldest assemblages assigned to the Early Aurignacian in Europe have been yielded by layer 3 from Willendorf II (Austria) and layer AH III from Geißenkl€ osterle (Germany). At Gei-ßenkl€ osterle, the layer AH III has yielded lithics rather characteristic of the Early Aurignacian, consisting of carinated and nosed endscrapers as well as a small number of objects made of bone, ivory and antler, including several body ornaments (Hahn, 1988) . This deposit has produced a series of dates around 38e37 ka 14 C BP, suggesting that the deposition in this layer would have started between 42,940 and 42,180 cal BP (68.2% probability) . Charcoals from layer 3 at Willendorf II were dated between c. 39e38 ka 14 C BP (c. 43e42.5 ka cal BP) (Haesaerts et al., 1996; Nigst and Haesaerts, 2012) . However, most of the assemblages formally assigned to the "Early Aurignacian" in western Europe are younger, especially in southwest France, where the chronological framework of the UP industries has been primarily established. In western Europe, the Early Aurignacian always overlays the Protoaurignacian when the two are encountered together in stratigraphy (Banks et al., 2013) . This suggests a later penetration of Early Aurignacian populations in the far west of Europe. In the British Islands and across northwestern Europe, i.e. Belgium, central/northern Germany as well as southern Poland, only later phases of the Aurignacian are represented.
To date no human remains were found in direct association with the earliest phases of the Early Aurignacian. At the easternmost extension of the Aurignacian, the site of Markina Gora (Kostenki 14), Russia, has yielded a complete skeleton of an individual buried in a pit dug through a level of volcanic ash, generally assigned to the Campanian Ignimbrite eruption (Pyle et al., 2006) . Although this short statured individual has only been partially described (Debets, 1955; Gerasimova, 1987) , there is no doubt it belonged to a modern human. This is fully confirmed by the complete mitochondrial DNA sequence that has been obtained by Krause et al. (2010) . Direct dating of the skeleton has been obtained by single amino acid 14 C dating at 33,250 ± 500 14 C BP, which would correspond to an age around 38 ka cal BP (Marom et al., 2012) . Although the association of this individual with the Aurignacian assemblage found in the ash layer (Sinitsyn, 2003; Zwyns and Flas, 2010) is still debated, its age is not incompatible with a radiocarbon date obtained on charcoal at 32,420 ± 440 14 C BP, yielded by the Aurignacian layer (Haesaerts et al., 2004) . The individual of Markina Gora may be the only known complete skeleton of an Aurignacian individual, as well as the only one found to date in a burial. At Kostenki 1 (Layer 3) a human tibia and fibula have also been found associated with Aurignacian artefacts and have been directly dated at 32,600 ± 1100 14 C BP (38.8e35.7 ka cal BP) (Richards et al., 2001) .
In Crimea, the site of Buran-Kaya III has yielded a large number of fragmentary human remains of modern morphology. One of these fragments was directly dated at 31,900 ± 240 14 C BP (36.7e35.7 ka cal BP) (Prat et al., 2011) . Although the archaeological context has been described as "Gravettian", radiometric ages obtained from the layers yielding these assemblages make this assignment quite unlikely. In Buran-Kaya III these layers have provided ages between 34,050 ± 260 14 C BP e 34,910 ± 950 14 C BP (c. 39e41 ka cal BP). This assemblage should most likely be considered as a non-Aurignacian Early Upper Palaeolithic assemblage, similar to those discovered further east (Bar-Yosef et al., 2006; Golovanova et al., 2006) .
West of the Black Sea, evidence of human remains discovered in direct association with Aurignacian-like industries is rather scarce. However, the human fossils from Peștera cu Oase, Romania, which were found in a karst outside of any archaeological context, have produced radiometric ages quite compatible with Early Aurignacian or Protoaurignacian assemblages from eastern Europe. The two main specimens are a mandible (Oase 1) and a skull from a second individual (Oase 2). The direct dating of Oase 2 provided only a minimum age of more than 29 ka 14 C BP (Rougier et al., 2007) but the direct dating of Oase 1 provided a more precise age of 34,290 þ 970/À870 14 C BP, close to 40 ka cal BP, as well as an age of more than 35,200 14 C BP (Trinkaus et al., 2003) . The morphology of this specimen is indisputably modern. It has however been proposed that some peculiar features might be outside of the usual variation observed in recent modern humans and might be reminiscent of Neandertals, suggesting their occurrence would result from some gene flow between the two groups. Alternatively, these features may simply result from archaic persistence inherited from African ancestors in some of the oldest modern humans of Europe (Rougier et al., 2007; Hublin et al., 2012b; Hublin, 2013) .
In Bacho Kiro, Bulgaria, a series of human fragments have been yielded by the layers 6 and 7 that overlie the IUP layers (Bachokirian). These layers have yielded a rather limited archaeological assemblage, defined as "Aurignacoid". They include a fragment of parietal, a lower right permanent central incisor, a lower right lateral incisor, a right premolar, an upper right permanent canine, a deciduous lower central incisor and a fragment of immature right mandible (Gle n and Kaczanowski, 1982) . These remains are generally considered to be modern (Churchill and Smith, 2000; Bailey et al., 2009) . Radiocarbon dates obtained in Bacho Kiro predate the development of refined pre-treatment techniques but for layer 7 a piece of charcoal has been dated at 32,200 ± 780 14 C BP (c. 37.9e35.5 ka cal BP) (Hedges et al., 1994) . It should also be noted that the human lower right molar from Dzerav a Skala (Slovakia) (Kaminsk a et al., 2004) , which displays modern morphology (Bailey et al., 2009 ) could be associated to Early Aurignacian artefacts in a layer displaying clear disturbance, notably by cryoturbation (Kaminsk a et al., 2005) .
In western Europe, Early Aurignacian human remains were discovered in several French sites. An upper first left incisor was found in La Ferrassie . A fragmentary child mandible, an upper first molar and a fragmentary adult parietal may also be assigned to the older parts of the Aurignacian layers of Font echevade (Garralda, 2006; Chase and Teilhol, 2009 ). However, the best evidence has been provided by the sites of La Quina-Aval ( Fig. 6) and Brassempouy. At La Quina-Aval, Early Aurignacian level 3 has been dated at 33.3 ± .33 ka 14 C BP (c. 37.8 ka cal BP) (Dujardin, 2005) . The layer has yielded two fragmentary mandibles, among which one (Quina-Aval 4) displays a full suite of modern features, including a clear bony chin (Verna et al., 2012) .
Another securely dated set of specimens were found in the Early Aurignacian layers of Brassempouy. It mostly consists of a dental series but also includes a mandible fragment, a skull fragment and two distal hand phalanxes. These layers have been dated between 35 and 30 ka 14 C BP (c. 40.5e35 ka cal BP) (Henry- Gambier et al., 2004) . A reassessment of the dental material, based on the frequency of non-metrical traits, clearly confirms the modern nature of this collection (Bailey and Hublin, 2005; Bailey et al., 2009) .
In Italy, in one of the caves of the Monte Circeo at Fossellone, one fragmentary maxilla (Fossellone 1) has sometimes been assigned to a rather early phase of the Aurignacian (Mallegni and Segre-Naldini, 1992) . It displays quite typical modern morphology with a deep canine fossa and a modern dental morphology for the associated second molar. Fossellone 2 consists of a scapula fragment but its precise stratigraphic origin in the site is uncertain. Finally, one should add the site of Fontana Nuova di Ragusa in the south of Sicily, where some human fragments (a left upper P3, a right upper M2, a frontal fragment, a parietal bone and a talus) (Chilardi et al., 1996) have also been associated to an Early Aurignacian lithic assemblage. However, the interpretation of the lithics (Martini et al., 2007) , as well as the association of the bones that have been found in the backdirt of an ancient excavation, has led these specimens to be among the most uncertain Aurignacian human remains from western Europe.
Later Aurignacian
Later Aurignacian assemblages, postdating 35 ka cal BP, have yielded more complete specimens, in particular from the site of Mlade c (Czech Republic), where a large number of human remains were found in a karstic environment during the excavation at the turn of the 20th century. This series consisted of two skulls and two skullcaps, mandibles, postcranial bones, and some immature remains. Unfortunately, during the Second World War, a large portion of this collection was destroyed. The archaeological association is rather odd as it mostly consists of a series of bone points and some perforated teeth. Among these points, one should mention a type called "Mlade c point", which have been found in various mid-Aurignacian sites throughout central Europe. The human remains have been directly dated and their average radiometric age is close to 31 ka 14 C BP (c. 35.5 ka cal BP) (Wild et al., 2005) . Svoboda (2000) has proposed that the layers excavated from the karst correspond to a secondary deposit of a block of sediment that may have fallen through a chimney opening to the surface. As in Peștera cu Oase, the anatomical features of the Mlade c series have been used to support the survival of phenotypical Neandertal features in the Early Upper Palaeolithic modern European populations (Frayer, 1986 Wolpoff et al., 2006) . It is, however, unclear whether the possible Neandertal reminiscence described on some of these specimens really results from gene flow between the two groups at the time of the replacement or from the persistence of archaic features in these modern populations (Br€ auer et al., 2006; Gunz and Harvati, 2007; Bailey et al., 2009) .
Close in time to these findings is the human distal thumb phalanx from the cave of Oblazowa, Poland, directly dated at 31 ka ± 550 14 C BP, by Hedges et al. (1996) . In Romania, two sites, Muierii and Cioclovina, have yielded well-preserved material. Although Aurignacian layers have been identified in both sites (Alexandrescu et al., 2010) , the precise stratigraphical context of this material is unclear and they are mostly assigned to the Aurignacian based on direct radiocarbon dates. At Muierii, in addition to a mandible and some postcranial elements, a skull has been dated at 30,150 ± 800 14 C BP (36.1e33.7 ka cal BP). At Cioclovina, a skull has also been found, and was dated to 29 ka ± 700 14 C BP (34.4e33.1 ka cal BP). In both sites, the human remains are anatomically modern (Soficaru et al., 2006 (Soficaru et al., , 2007 Harvati et al., 2007) . Fragmentary remains have been found in Aurignacian complexes in the sites of La Adam, Bordu Mare, Peștera Mic a and Malu Roş u (Alexandrescu et al., 2010) . In Hungary, fragmentary remains of comparable age have been discovered at Ist all os-k} o and G€ or€ omb€ oly-Tapolca. At Ist all os-k} o, the lower first molar most likely comes from the Upper Aurignacian layer, dated between 31 and 28 ka 14 C BP (36.1e32.2 ka cal BP) (Adams and Ringer, 2004) , and is of modern morphology (Bailey et al., 2009) . At the site of G€ or€ omb€ oly-Tapolca a modern occipital bone (Thoma, 1971 ) has been directly dated at 30,300 ± 300 14 C BP (35.0e34.6 ka cal BP) Hedges, 2008e2009) .
In western Europe, the most complete human remains coming from later phases of the Aurignacian have been found in France at La Crouzade and Les Rois. In La Crouzade, the most complete specimens are a frontal bone and a maxilla, both quite modern morphologically. The latter has been directly dated at 30,640 ± 640 14 C BP (36.2e34.6 ka cal BP) (Henry- Gambier and Sacchi, 2008) . In Les Rois, a series of 37 teeth has been found in addition to an immature mandible (Mandible A) and a smaller mandibular fragment (Mandible B). Anatomically, these remains are modern, especially regarding Mandible A (Vallois, 1958; Gambier, 1989; Verna et al., 2008) but see also (Ramirez Rozzi et al., 2009) . This series has been found in layers ranging between 30 and 28 ka 14 C BP (34.6e32.4 ka cal BP) (Ramirez Rozzi et al., 2009 ). Finally, one should note an artificially perforated first or second left molar from the site of La Combe (France) (White et al., 2003) .
In Germany, fragmentary human remains have been found in association with middle phases of the Aurignacian in the sites of Hohlenstein-Stadel, Sirgenstein, Kleine Ofnet, Schafstall, and Gei-ßenkl€ osterle (Czarnetzki, 1983; Orschiedt, 2000; Street et al., 2006) .
Conclusion
Although Europe and southwest Asia have provided one of the richest and best-studied archaeological and palaeontological records in the world, documenting the transition from Middle to Upper Palaeolithic, it is still difficult to provide an accurate picture of the exact process of the replacement of Neandertals by modern humans in western Eurasia. Primarily, the issue is obscured by the scarcity or sometimes total absence of human fossil remains in several of the lithic assemblages from this time period. Furthermore, a large portion of the available material was discovered a long time ago, in the course of excavations that were not conducted and documented according to present-day standards. This situation has created a lot of uncertainty regarding the precise cultural assignment and geological age of key specimens. Furthermore, even when the stratigraphic assignment of specimens was well recorded, site formation processes may have led to the intrusion of archaeological or palaeontological material from one layer into another. This is especially true for small items such as teeth, which cannot always be directly dated. As a result, although morphometric techniques and palaeogenetics have dramatically improved our ability to determine the biological nature of the fossil evidence from this time period, there are still disagreements surrounding different scenarios of replacement. It remains, therefore, crucial to obtain more human fossil material in order to resolve the pending issues. However, considering the rhythm of discoveries and the fact that, for some assemblages, many key sites have been totally exhausted, one cannot be too optimistic.
Another issue relates to the extent to which one can extrapolate the biological nature of the makers of one assemblage from discoveries in one site where the concerned industry is represented. It seems rather parsimonious to conceive that the proven association of one type of humans (Neandertals or modern humans) with a given industry implies that the assemblage has been produced by this group across its whole geographical extension. This is probably true in most situations. However, the Levantine Mousterian provides examples of rather similar assemblages produced by Neandertals and anatomically modern humans in the same region. Moreover, the possibility that the remains of one individual may be found at a site yielding archaeological artefacts created by a different population cannot be totally discarded. Assuming the biological nature of the makers from a limited number of discoveries becomes even more problematic when large ensembles of apparently related industries are considered. This is especially true during the replacement period where people have been tempted to group very diverse lithic assemblages under denominations such as "intermediate" or "transitional" industries that are not independent from pre-conceived scenarios.
The dating itself of the human remains and of the archaeological layers that yield them is also often a matter of controversy. The past decade or two have witnessed spectacular improvements in the implementation of radiometric methods that have opened the possibility to revisit the chronology of some sites. In some cases, samples that had already been radiocarbon dated have been reanalysed, demonstrating that many published dates had provided clearly underestimated ages. One of the implications of this situation is that a statistical treatment of published dates that would mix results obtained with variably reliable techniques is worthless. A limited number of precise dates recently acquired with the most advanced techniques can provide decisive information when thousands of dates routinely referred to in the literature confuse the issue more than they clarify it. One should, however, not become overconfident. Technical improvements in radiocarbon dating, including ultrafiltration, were not obtained all at once and further improvements will certainly continue to occur in the future. The development of radiocarbon dates on marine shells, implying efficient pre-treatment, as well as accurate modelling of the reservoir effect for 14 C, is a good example of this ongoing progress (Russo et al., 2010; Reimer et al., 2013) . The use of the single amino acid technique to avoid the bias of contamination certainly represents a breakthrough but its development is still limited by the need for a larger amount of organic matter to be extracted from bone samples. Still, different labs using the most up-to-date techniques, but different sampling strategies, can resolve the chronology of the same site stratigraphy in contradicting ways (e.g. Higham et al., 2011a vs. Hublin et al., 2012a . The control of the quality of the samples still represents a crucial issue and when high-quality samples are available, the type of pre-treatment implemented on charcoals (e.g. classical ABA or more advanced ABOx) has been proven to have less influence on the obtained results than the choice of a laboratory where the measurements are performed (Haesaerts et al., 2013) . Finally, one should keep in mind that the radiocarbon dates obtained from various materials have a different weight in their ultimate interpretation, depending on the very samples that were used to establish them. Many available dates of hominins are indirect, and only based on the dating of their geological or archaeological context, while others result from directly dating fossil hominins. In both cases, the relation between a given archaeological context and a hominin may or may not be well-established.
Reviewing the whole spectrum of lithic assemblages present in the time period between 50 and 35 ka cal BP provides us with a complex archaeological landscape (Fig. 7) . Although some assemblages have a very ubiquitous presence, many are documented only in limited geographical domains and sometimes for rather short periods of time. This makes the assignment of these assemblages to one biological group of hominins or another even more challenging. Although it has long been considered that the development of the Aurignacian complex documented the first colonization of Europe by modern humans, there is growing evidence that the earliest occurrence of modern humans in the middle latitude of western and central Eurasia is much older. The archaeological proxy for this early colonization is to be found among older lithic assemblages. Among the various assemblages predating the Aurignacian, two groups can be delineated. One group consists of the industries assigned to the IUP and is represented in the Levant as well as in eastern Europe and central Asia. In most regions, this ensemble does not seem to result from a local transition but rather from the intrusion of allochthonous populations. Over a geographical domain, covering a large portion of Eurasia, the IUP displays a number of shared features in terms of blank production. Although its exact chronology is still under investigation, the start of its expansion out of southwest Asia most likely predates 47 ka cal BP, as suggested by the dates obtained at Bohunice (Richter et al., 2009 ) and Kara-Bom (Goebel et al., 1993) . This early expansion would be more in agreement with an older date for the beginning of the IUP (Marks, 1983 ) than with those produced at Ksar Akil (Douka et al., 2013) and Üça gızlı (Kuhn et al., 2009) . The recent discovery of the femur of Ust-Ischim in Siberia, directly dated at 45 ka BP and indisputably modern both anatomically and genetically, completes the more fragmentary discoveries from Ksar Akil (layer XXV), Üça gızlı and Bacho Kiro (layer 11), and brings support to the notion that the IUP represents a wave of migrations of fully modern humans. This wave, however, might not have been completely successful and apparently did not make it to western Europe.
At the time of the eastern European IUP, western Europe provides a complex picture where several TAs have been described and where directly dated Neandertal remains are known from Spy (Belgium) and Saint-C esaire (France). However, the situation in this region is still unclear. Claims have been made that the Lincombian in England and Uluzzian in Italy were produced by modern humans. However, the evidence provided by the sites of Kents Cavern and Cavallo still need to be confirmed. Unfortunately, the material yielded by these two sites is very fragmentary and the stratigraphic contexts, from excavations conducted in the middle of the 20th century, are cause for debate. In terms of the abundance and completeness of specimens that have been directly or indirectly assigned to the Châtelperronian and LRJ, the balance clearly tilts toward the Neandertal side. Another aspect to take into consideration relates to the fact that, to some degree, contrary to what is observed with the IUP further east, some arguments support local continuity for some of these western European assemblages. The case seems stronger for the LRJ, but it should also be considered for the Uluzzian and for the Châtelperronian. If some or all of these assemblages were really produced by Neandertals, and taking into account that they display clear UP features, it is tempting to consider that the cultural changes at work in the Neandertal world of western Europe since the final Mousterian phases (Soressi et al., 2013) might result from cultural stimulus diffusion (sensu Kroeber, 1940) from adjacent regions where modern humans had already been settled. The source of this stimulus diffusion would be represented first by the IUP, possibly as early as 48 ka cal BP and later by the first phases of the Aurignacian complex. Although there is no evidence for prolonged local coexistence of Neandertals and modern humans in any region of Europe, the ages of the latest directly dated Neandertals of Western Europe (Spy and Saint-C esaire) suggest that the chronological overlap between the two groups might have been quite long on a continental scale.
One can likely assign most, if not all, of the early phases of the Aurignacian to modern humans, although the biological nature of the makers of these earliest phases is poorly documented in western Europe. In the Mediterranean world, the Early Ahmarian/ Kozarnikian/Protoaurignacian seems to represent a rather consistent techno-typological ensemble, spreading rather quickly, most likely out of the Levant. Its occurrence in northern Italy and the Pyrenees region predates the Campanian Ignimbrite and after 40 ka BP it further expanded in both central France and central Italy. Current stratigraphical and radiocarbon evidence suggest a partial chronological overlap with the Châtelperronian and Uluzzian. The limited development of body ornaments in both assemblages as well as the production of bladelets in the Châtelperronian with a chaîne op eratoire different from that of the Protoaurignacian has been suggested to result from direct cultural diffusion between these groups (e.g. Mellars, 2005; Roussel, 2011; Hublin, 2012; Hublin et al., 2012a) . The earliest stages of the Early Aurignacian are documented north of the Alps at Willendorf II and Gei-ßenkl€ osterle c. 43e42 ka cal BP and may derive from the same source as the Protoaurignacian encountered south of the Alps. Its extension further west as well as further east, and ultimately into the Levant, occurred later. Although the fossil record of the Early Aurignacian is limited and has been yielded by the later phases of this industry, to date its modern nature is quite clear, which is consistent with the later Aurignacian fossil evidence.
In addition to a clarification of the chronology, a better understanding of the evolution of the various assemblages present in Europe during this crucial period of recent human evolution is essential to elucidate of the dynamic of the modern human migration into western Eurasia, including the possible cultural interactions with and eventual replacement of the local Neandertal populations. Palaeogenetics are also expected to provide new insight into the biological aspects of these processes. Fig. 7 . Synthetic table of the assemblages discussed in the text with their estimated chronological span. The colour code matches that of Fig. 1 and 3 . The calibrated timeline on the right side and the 14 C timeline on the left are scaled using Bronk Ramsey (2009) and Reimer et al. (2009) . The d 18 O variations established by the North Greenland Ice-Core Project (NGRIP) are taken from http://www.gfy.ku.dk/~www-glac/data/gripdelta.dat. Cold stadials (GS) are indicated by grey horizontal bands and interstadial periods (GIS) by white horizontal bands. The red line indicates the time of the Campanian Ignimbrite (CI) and the blue bands the Heinrich Events 4 (H4) and 5 (H5).
